Objective: Although ovarian cysts commonly occur in patients with congenital lipoid adrenal hyperplasia (CLAH), the mechanism of development remains to be determined. To clarify the pathogenesis of the ovarian cysts, endocrinological examinations were performed in patients with CLAH. Methods: The subjects were three Japanese CLAH patients. Basal body temperature, serum and urinary gonadotropin levels, serum and/or urinary ovarian hormones and mutations of the steroidogenic acute regulatory protein (StAR) gene were examined. Results: The basal body temperature was not biphasic in any patient. Basal LH levels were high in all CLAH patients and markedly responded to LH-releasing hormone in two patients. Urinary gonadotropin analysis revealed repetitive LH surges in the menstrual cycles of the CLAH patients. No increase in the urinary pregnanediol suggested anovulation in all patients, and bilateral ovarian cysts were found in two of the subjects. Examination of the StAR gene revealed a frameshift mutation 840delA at codon 238, a nonsense mutation Q258X at codon 258, a homozygotic mutation at Q258X, and a compound heterozygotic mutation with 251insG and Q258X. Conclusions: We concluded that the development of ovarian cysts may be derived from continued anovulation in CLAH patients. Elevated LH levels may be explained by increased sensitivity of the anterior pituitary to circulating estrogen.
Introduction
Congenital lipoid adrenal hyperplasia (CLAH) is an autosomal recessive disorder caused by defective pregnenolone production, an initial step in steroid biosynthesis, in the gonads and adrenal glands (1) . This disorder is characterized by hyponatremia, hyperkalemia, hypoglycemia and pigmentation, and is fatal without treatment. Absence of androgen is another important character in CLAH, and thus 21 hydroxylase or 11b hydroxylase deficiency can be differentiated from CLAH by a high androgen level, and 3b hydroxylase deficiency by a low level of androgen and high dehydroepiandrosterone and 17-OH pregnenolone. A cholesterol sidechain cleavage enzyme, P450scc, which converts cholesterol to pregnenolone has been examined but no abnormality of the enzyme has been found (2) . Recently, Clark and colleagues (3, 4) clarified that steroidogenic acute regulatory protein (StAR) is a carrier protein that transfers cholesterol from the outer to inner membrane of mitochondria, where P450scc is located. They also demonstrated that a defect of biosynthesis of this protein causes CLAH (4) .
Karyotype 46,XY individuals with CLAH fail to develop male external genitalia and to undergo spontaneous puberty. However, in XX patients with CLAH, spontaneous puberty has been reported to develop without treatment (5) . Bose et al. (6) have hypothesized that the fetal ovary is saved from damage by accumulating lipid droplets because it remains unstimulated until puberty, while the fetal testis, which is stimulated by chorionic gonadotropin in early gestation, is severely affected early in gestation and fails to develop male external genitalia. The onset of puberty in female CLAH patients stimulates the individual ovarian follicles and produces some steroidogenesis by a StAR-independent pathway. The previously unstimulated follicles are recruited in subsequent cycles, permitting a low level of steroidogenesis. This hypothesis explains the difference between the fetal ovary and testis and the mechanism for the spontaneous puberty observed in female CLAH patients. However, the pathogenesis of ovarian cysts observed frequently in CLAH patients remains to be determined (7) . We present three CLAH patients, two of whom were complicated by ovarian cysts. To clarify the mechanism for the development of the ovarian cysts, endocrinological functions in these patients were examined.
Case reports

Case 1
A 4-month-old Japanese female infant was referred to Osaka University Hospital for treatment of electrolyte abnormalities. She was delivered vaginally after 40 gestational weeks and her birth weight was 3550 g. An adrenal insufficiency was suspected due to prolonged hyponatremia, hyperkalemia, hypoglycemia and generalized pigmentation at 20 days after birth. No increase in either the serum cortisol or aldosterone levels was observed after the adrenocorticotropin (ACTH) injection. A physical examination revealed a malnourished infant with generalized pigmentation. Her external genitalia were normal, and her karyotype was 46,XX. Body weight was 3150 g (¹4.3 S.D.) and height 57 cm (¹2.5 S.D.). Abnormal laboratory findings were as follows: serum sodium 124 mEq/l, serum potassium 5.4 mEq/l, ACTH > 850 pg/ml and plasma renin activity >80 ng/ml per h. By combined treatment with hydrocortisone and 9a-fluorocortisone acetate, the serum sodium and potassium levels recovered and maintained normal levels. Breast budding and menarche occurred at the ages of 9 and 10 respectively. However, her menstrual cycle has been irregular. At the age of 11, she was diagnosed as having right ovarian cysts (right ovary in whole size: 41 × 38 mm) by ultrasonography when she visited another hospital due to abdominal pain. At the age of 13, breast development was at Tanner stage 5 and pubic hair distribution at Tanner stage 2, but axillary hair was not found. Ultrasonography in our hospital revealed bilateral ovarian cysts (right ovary in whole size, 46 × 34 × 28 mm; left ovary, 71 × 47 × 48 mm). Magnetic resonance imaging revealed ovarian cysts with diameters of more than 20 mm in both ovaries. Ultrasonography examined at 6-month intervals showed bilateral ovarian cysts on every occasion. Replacement therapy with estrogen and progesterone was started at the age of 14, relieving the abdominal pain and diminishing the ovarian cysts. After the 10-month treatment, both ovaries were decreased in size (right ovary in whole size, 30 × 20 × 20 mm; left ovary, 27 × 27 × 21 mm). The StAR gene analysis revealed a compound heterozygote having a heterozygous frameshift mutation 840delA at codon 238 and heterozygous nonsense mutation Q258X at codon 258.
Case 2
A 3-day-old Japanese girl developed hyponatremia, hyperkalemia, pigmentation, hypothermia and convulsions and was diagnosed as having congenital adrenal insufficiency. Urinary 17-hydroxycorticosteroid (17-OHCS) was as low as 0.03 mg/day. Treatment with hydrocortisone and 9a-fluorocortisone acetate recovered and maintained the serum sodium and potassium at normal levels. Breast budding and menarche were observed at the ages of 12 and 13 respectively. Her menstrual cycle had shown a 25-day cycle with an occasionally irregular rhythm. At the age of 25, breast development was at the Tanner stages 3-4, and the pubic hair distribution was at Tanner stage 2. The axillary hair looked lanugo. Right ovarian cysts were detected by ultrasonography at age 23 and the size of the whole ovary was 54 × 35 mm. One month later, computed tomography revealed various sizes of ovarian cysts in both ovaries, including cysts more than 20 mm in diameter. By DNA analysis of the StAR gene, a homozygous mutation of Q258X was found in the patient.
Case 3
A 1-month-old female Japanese patient was suspected of having CLAH due to hyponatremia, hyperkalemia and pigmentation. Biosynthesis of steroid hormone was decreased, showing that urinary 17-OHCS was decreased to 0.07 mg/day. She was successfully treated with hydrocortisone and 9a-fluorocortisone acetate. Breast budding and menarche were observed at the ages of 14 and 15 respectively. At the age of 17, basal luteinizing hormone (LH) level was as high as 11.2 mIU/ml and had an exaggerated response to LHreleasing hormone (LH-RH): the LH levels 30, 60, 90 and 120 min after giving LH-RH were 49.3, 42.3, 63.3 and 35.5 mIU/ml respectively. However, the folliclestimulating hormone (FSH) response to LH-RH was normal. The development of breasts and pubic hair at age 24 was at the Tanner stages of 5 and 2-3 respectively. Ovarian cysts were not detected by ultrasonography. In the analysis of the StAR gene, the compound heterozygotic mutation with 251insG and Q258X was detected.
Materials and methods
The following examinations were performed at the age of 13 in case 1, 24 in case 2 and 25 in case 3. In a normal control in whom menarche was observed at the age of 13 years 8 months, urinary gonadotropin, estradiol and pregnanediol levels were measured at the age of 16. Serum levels of LH and FSH were determined by immunoradiometric assay. LH-RH test was performed as described previously (8) . First-morningvoided urine specimens were obtained from the patients and control and stored at ¹20 ЊC until determination.
The specimens were centrifuged at 3000 r.p.m. for 5 min and then urinary gonadotropin levels were determined by immunofluorometric assay as described previously (9) . The assay sensitivities were 0.2 mIU/ml for both LH and FSH. Estradiol and pregnanediol levels in urine were measured by radioimmunoassay and gas chromatography after hydrolysis of the samples (SRL Co., Tokyo, Japan), and the detection limits were 0.2 ng/ml and 0.02 mg/l respectively. The intra-assay and interassay coefficients of variation for urinary estradiol and pregnanediol did not exceed 7.9% and 5.8% respectively. Serum estradiol, progesterone and testosterone were determined by radioimmunoassay and the detection limits were 10 pg/ml, 0.2 ng/ml and 0.1 ng/ml respectively (Nippon DPC Co., Chiba, Japan) (10). Urinary creatinine (Cr) was determined by a colorimetric method (Creatinine test, Wako Co., Osaka, Japan). Urinary gonadotropin and ovarian hormones were related to the creatinine concentrations. StAR gene analysis was carried out as reported previously (11) .
Written informed consent for this study was obtained from all patients or their parents.
Results
The basal body temperature was not biphasic in any patient. The basal LH levels (normal range, 0.4-4.1 mIU/ml) were elevated in the three CLAH patients ( Table 1 ). In case 1, the basal LH level measured early in the menstrual cycle was increased at 11.2 mIU/ml and had an exaggerated response to LH-RH; the peak level of LH 30 min after giving LH-RH was 51.8 mIU/ml (Fig.  1) . The basal LH levels determined at 6-month intervals ranged from 7.3 to 14.5 mIU/ml after age 11, showing that the LH secretion was enhanced when the ovarian cysts were found in the patient. The basal LH levels in cases 2 and 3 were also elevated at the ages of 24 and 25 respectively ( Table 1 ). The basal FSH levels (normal range, 4.8-10.4 mIU/ml) were within the normal range in all patients (Table 1) , and the FSH response to LH-RH was normal in case 1. The circulating levels of estradiol ranged from 25 to 91 pg/ml and those of progesterone were < 0.2 to 1.2 ng/ml. Analysis of first-morning urine samples in the normal control before menarche revealed random fluctuations in urinary LH and FSH, in which FSH levels were increased compared with LH in each fluctuation (Fig. 2) . Urinary estradiol also showed low-amplitude fluctuations while pregnanediol excretion remained almost undetectable. The analysis in the same normal control after menarche showed a gonadotropin surge, estradiol peak and subsequent increase of pregnanediol (Fig. 2) . Thus, examination of gonadotropin and ovarian hormones in morning urine samples expressed per gram of creatinine (Cr) was useful to evaluate circulating hormones, as reported previously (12) . The control peak levels of urinary LH, FSH, estradiol and pregnanediol were 5.4 IU/gCr, 8.2 IU/gCr, 2.6 mg/gCr and 0.1 mg/gCr in pre-menarcheal, and 18.0 IU/gCr, 3.7 IU/gCr, 18.7 mg/ gCr and 3.3 mg/gCr, post-menarcheal (Fig. 2) . In case 1, urinary estradiol early in the menstrual cycle was Figure 1 Levels of LH and FSH in response to 100 mg LH-RH in case 1. Shaded area: normal range.
2.1 mg/gCr and was slightly increased mid-way through and late in the cycle (Fig. 3 ), but no apparent peak was observed. In cases 2 and 3, urinary gonadotropin analysis revealed many surges of LH and FSH (Fig. 3) . The urinary estradiol levels ranged from 2.2 to 29.6 mg/ gCr in case 2 and from 4.1 to 13.8 mg/gCr in case 3, and the levels were comparable to the normal control (Fig. 2) . However, in contrast to the normal control, the gonadotropin surges in cases 2 and 3 were not accompanied by a peak of urinary estradiol (Fig. 3) . The levels of urinary pregnanediol were low even late in the cycle in case 1 and were undetectable in cases 2 and 3, suggesting that ovulation was not observed in any of the CLAH patients (13) (Fig. 3) . The serum testosterone levels were undetectable in all subjects.
Discussion
Despite the abnormality of the StAR gene, breast budding and menarche occurred, as shown in Table 1 , as reported previously (5) . The serum concentration of estradiol, which plays an important role in development during puberty, ranged from 25 to 91 pg/ml. The reason why only serum estradiol was detectable remains unclear. We speculated that pregnenolone, which maintains the level of estradiol, was produced, although in a limited quantity, in the ovary by an unknown mechanism despite the mutation in the StAR gene.
Estradiol is detectable at levels as low as 10 pg/ml and has biological activity around this level (14) , while other steroid hormones such as cortisol and dehydroepiandrosterone sulfate need much higher concentrations to exhibit biological activity and to be detected. Thus, estradiol was the steroid hormone found most often in the serum, probably due to the sensitivity of the assay.
To induce the surge of LH and FSH by a positive feedback mechanism, a great increase in serum estradiol over the basal level is crucial. In case 1, no peak in the urinary estradiol level was detected throughout the menstrual cycle, probably because of the limited supply of pregnenolone in the ovary. Although the serum estradiol level was 25 pg/ml, there was no additive secretion of estradiol. Thus, the patient was estrogen-deficient and the absence of the estradiol peak may have resulted in the anovulation. In cases 2 and 3, frequent LH and FSH surges were observed throughout the menstrual cycle, probably due to increased sensitivity of the anterior pituitary to releasing hormone stimulation by circulating estrogen (13) . The exaggerated LH response to LH-RH in case 1 can be explained by the same mechanism. Repetitive gonadotropin surges were observed in cases 2 and 3 but were not frequent in case 1. One possible explanation is the difference in age between case 1 and cases 2 and 3. Another explanation is that the increases in amplitude and frequency of LH secretion are correlated with the circulating estradiol level (13) . Since the estradiol level was low in case 1 compared with cases 2 and 3, the frequency and amplitude in gonadotropin surges may be decreased. Although LH and FSH surges were observed throughout the menstrual cycle in cases 2 and 3, ovulation did not take place, which is supported by the non-biphasic basal body temperature and undetectable urinary pregnanediol. The precise mechanism remains unknown, but we speculate that the gonadotropin surge did not induce ovulation without antecedent follicular maturation and the estradiol peak.
In the mother of a patient with male-limited precocious puberty, which is transmitted in an autosomal dominant manner and is caused by an activating mutation of the LH receptor, no ovarian abnormalities were reported (15) . These observations suggest that LH stimulation is not associated with the development of ovarian cysts. Thus, a possible explanation for the ovarian cysts is prolonged anovulation and impaired formation of the corpus luteum in CLAH patients. This speculation is based on a study of a patient with LH receptor defect who developed amenorrhea and ovarian cysts. The non-luteinized degenerating follicles formed as a result of anovulation (16) . Continued anovulation was also observed in CLAH patients and may involve the formation of ovarian cysts. Androgen is involved in polycystic ovary syndrome in patients with congenital adrenal hyperplasia (17, 18) . However, in our cases, androgen was not a likely factor, because serum levels of androgen were undetectable.
In summary, basal estradiol influences development during puberty and induces the repetitive surges of LH and FSH throughout the menstrual cycle. However, ovulation does not take place. Development of ovarian cysts may be derived from persistent anovulation. Thus, the presence of ovarian cysts should be considered and long-term follow-up is necessary in patients with CLAH.
